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INTRODUCTION
MOTIVATION
➢ A well refined understanding of the nature of powerful 
GICs and their dangers is critical to the homeland 
security of the US and Space Weather research
➢ Coronal Mass Ejections (CMEs)
• Electrically charged solar matter
• Carries a strong Interplanetary Magnetic Field
• Impacts with Earth’s Magnetosphere can cause 
powerful Geomagnetic storms   & strong GICs
➢ Geomagnetically Induced 
Currents (GICs)
• Electric current induced 





Graphical Representation of the Sun-Earth system that depicts a CME directed 
at Earth and Earth’s Magnetosphere.
Sun to Earth CME
A Developing CME
Imaging from a NASA STEREO satellite of a CME before and during coronal mass ejection. 
Currents Around Earth
DISCUSSION
➢ Strong Geomagnetic events
• Carrington Event, 1859
o Most Powerful Storm 
on record






▪ North America and 
Europe Disabled
o Caused Aurora as far as 
20°N lat.
• Currents induced due to 
Faraday’s Law:
o 𝜀 = −
𝑑𝜙𝐵
𝑑𝑡
• CMEs can cause 
massive, brilliant Auroras
High Latitude Ionospheric Currents shown as an 
example of the current systems around Earth
• Quebec, 1989
o Moderate Storm
o Power Grid Collapse in 
under 92 seconds
o 200 problematic US 
fluctuations for 24 hrs.
The red line shows how far South the Carrington 
Aurora was reportedly seen.





1989 Event US Power Grid Impact
o Destroyed Large 
Transformers
▪ Despite extensive  
cooling measures
▪ Metal Windings 







➢ GICs & Power
• Transformers are 
grounded 
o Supports 50/60Hz 
AC
• GICs enter through the 
neutral ground
o 1Hz Freq. ~ DC
o Half-Cycle 
Saturation
o Causes Eddy 
Currents/ Heat up
• Takes out Transformers
➢ More on CMEs 
• CMEs strike Fast
o 13hrs – 5 days
• Produce Variations in 
Earth’s Magnetic Field and 
Magnetosphere
Destroyed Transformer
➢ Predicting CME GICs
• Loosely Correlated to 
11-year Solar Cycle
• Correlated to 100-year 
Gleissberg Cycle
• Correlated to # of 
Sunspots
• Carrington Like Event
o 12% chance / decade
o 2.6-5.2 per century
o 2021-22 predicted to 
reach 260 sunspots
▪ Very High
➢ A catastrophically powerful CME like that of 1859 is 
predicted to occur in the next 1 or 2 decades. This CME 
will have the ability to take most if not the entire US 
power-grid offline leading to 0.6-2.6 Trillion USD in 
damages and leaving 20-40 Million US citizens without 
power for at least 2 years.
